ELECTRONIC COMPONENT AND SEMICONDUCTOR DEVICE, METHOD OF 
MAKING THE SAME AND METHOD OF MOUNTING THE SAME, CIRCUIT 
BOARD, AND ELECTRONIC INSTRUMENT 

Technical Field 

The invention relates to an electronic component and a 
semiconductor device, a method of making the same and method 
of mounting the same, a circuit board, and an* electronic 
instrument, and in particular relates to a compact electronic 
component and a semiconductor device having a package size 
close tot he chip size, a method of maki ng the same and method 
of mounting the same, a circuit board, and an electronic 
instrument. 

Background Art 

To pursue high-density mounting in semiconductor devices, 
bare chip mounting is the ideal. However, for bare chips, 
quality control and handling are difficult. In answer to this, 
CSP (chip scale package), or packages whose size is close to 
that of the chip, have been developed. 

Of the forms of CSP semiconductor device developed, one 
form has a flexible substrate provided, patterned on the 
active surface of the semiconductor chip, and on'this flexible 
substrate are formed a plurality of external electrodes. It is 
also known to inject a resin between the active surface of the 
semiconductor chip and the flexible substrate, in order to 
absorb the thermal stress. In Japanese Patent Application 
Laid-Open No. 7-297236, as the flexible substrate is described 
the use of a film carrier tape. 



In these methods of fabricating a semiconductor device, 
a semiconductor chip is cut from a wafer, and inaividual 
semiconductor chips are mounted on a flexible substrate. As a 
result, not only is the patterned flexible substrate 
necessary, but also a process is required to mount each 
individual semiconductor chip on the flexible substrate, and 
therefore the devices used in each of the steps of the process 
must be speci al -purpose equipments, and the cost is increased. 

Besides, a semiconductor device to which a CSP type 
package is applied is surface-mounted, and has a plurality of 
bumps for mounting on a circuit board. The surface on which 
these bumps are formed is preferably protected by the 
provision, for example, of a photosensitive resin. 

However, since a photosensitive resin is electrically 
insulating, and mounting while it remains on the bumps is not 
possible, it is necessary to remove the photosensitive resin 
from the top of the bumps. Here, in order to remove a part of 
the photosensi tive ■ resin, lithography must be applied, and 
this results in the problem of an increased number of steps. 

In this way, a conventional semiconductor device suffers 
from inferior efficiency in the process from fabrication to 
mounting. 

The invention has as its object the solution of the above 
described problems, and this object subsists in the provision 
of an electronic component and a semiconductor device, a 
method of making the same and method of mounting the same, a 
circuit board, and an electronic instrument such that the 
process from fabrication to mounting can be carried out 
efficiently. 



Disclosure of Invention 

The n.ethod of making a semi conductor devi ee of the 
invention comprises: 

a step of providing a wafer on which are formed 
5 electrodes; 

a step of providing a stress relieving layer on the 
wafer in such a way as to avoid at least a part of the 
el ect rodes ; 

a step of forming wi ring over the stress relieving 
10 layer from the electrodes; 

a step of forming external electrodes connected to 
the wiring above the stress relieving layer;. and 

a step of cutting the wafer into individual pieces. 
According to the invention, the stress relieving layer is 
15 formed on the wafer, and further thereon the wiring and 
external electrodes are laminated, so that the fabrication 
process proceeds as far as forming the semiconductor package 
while still in the wafer stage ; thi s obviates the need for a 
substrate such as a patterned film with preformed external 
20 electrodes. 

Here, the stress relieving layer refers to a layer which 
relieves the stress caused by distortion between the 
motherboard (mounting board) and semiconductor chip. For 
example, such stresses may be generated when the semiconductor 
25 device is mounted on the mounting board and when subsequently 
heat is applied. As the stress relieving layer is selected a 
material which is flexible or a gel material. 

Besides, since the wiring between the electrodes and the 
external electrodes can be formed freely according to the 



requirements of the design, the layout of the external 
electrodes can be determined regardless of the layout of the 
electrodes. As a result, without changing the circuit design 
of the elements formed on the wafer, various semiconductor 
devices with the external elect rodes in di f f erent posi t i ons 
can easily be fabricated. 

Furthermore, according to the invention, after the stress 
relieving layer, wiring and external el ect rodes are formed on 
the wafer, the wafer is cut, to obtain individual 
semiconductor devices. As a result, the formation of the 
stress relieving laye; , wiring and external electrodes on a 
large number of semiconductor devices can be carried out 
simultaneously, which is preferable when quantity production 
is considered. 

As the stresls relieving layer is used, for example, a 
resin with a Young's modulus of not more than 1 x 10 10 Pa. 

In the step of providing the stress relieving layer, a 
photosensitive resin may be applied to the wafer in such as 
way as to include the electrodes f> and the photo sen si ti ve resin 
may be removed from the region corresponding to the 
electrodes, whereby the stress relieving layer may be 
provided. 

The stress relieving layer may be provided by printing 
the resin constituting the stress . rel ievi ng layer. 

The photosensi t i ve resin may be selected from the set 
consisting of polyimide resin, silicone resin, and epoxy 
resin. 

The stress relieving layer may have a plate with holes 
formed corresponding to the electrodes adhered to the wafer; 



and the plate may have a coefficient of thermal expansion 
intermediate between those of the semiconductor chip and a 
circuit board on which the semiconductor chip is mounted. 

By thi s means , since the coefficient of thermal expansion 
5 ..of the plate is intermediate between the coefficient of 
thermal expansion of the semiconductor chip and the 
coefficient of thermal expansion of the board, stress 
generated by differences in the coefficient ,of thermal 
expansion values can be absorbed. Besides, since the plate 
10 used here simply has holes formed therein, its formation is 
simpler than that of a patterned subst rate . 

The stress relieving layer may be formed of a resin in a 
plate form, and the plate form of resin may be adhered to the 
. wafer . 

15 By this means, in contradistinction to a patterned 

substrate, the required form can be formed easily. 

The wafer used in the step of providing the wafer may 
have formed an insulating film, except in the regions of the 
electrodes and the region cut in the step of cutting. 

20 Before the step of forming wiring, there may further be 

a step of roughening the surface of the stress relieving 
1 ayer . 

After the step of forming external electrodes and before 
the step of cutting, there may further be a step of applying 
25 a photosensitive resin to form a film on the surface of 
formation of the external electrodes to include the external 
electrodes, and a step of carrying out isotropic etching with 
respect to the photosensitive resin until the external 
electrodes are exposed. 
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Aftjr the step of forming external electrodes and before 
the step of cutting, there may further be a step of applying 
an organic film to form a film on the surface of formation of 
the external electrodes to include the external electrodes. 

As the organic film may. be used a flux such that when 
heated the residue is changed by a chemical reaction into a 
thermoplastic polymer resin. 

The wiring may be bent over the stress relieving layer. 

At the junction of the wiring and the electrodes, the 
width of the wiring may be greater than the width of the 
electrodes. 

In the invention, the st ress rel i evi ng layer may be 
formed, and over the stress relieving layer the wiring may be 
formed, and thereafter a solder portion may be formed by 
electroless plating, and the solder portion may be formed into 
the external electrodes. 

In the invention there may further be: 
a step in which the stress relieving layer is formed and a 
conducting layer is formed on the stress relieving layer; a 
step in which a solder portion is formed over the conducting 
layer by electroplating; a step of forming the conducting 
layer into the wiring; and a step of forming the solder 
portion into the external electrodes. 

In the invention there may further be: 
a step in which a protective film is formed over the wiring in 
a region avoiding the external electrodes. 

The solder portion may be formed on a previously formed 
seat on the wiring. 



The solder portion may be formed on a solder film formed 
by a plating process. . 

In the invention there may further be: 
a step in which after the step of forming the wiring a 
5 .protective film is formed on. the wiring; a step in which 
before the step of forming external electrodes in at least a 
part of the region of the protect ive fi 1m corresponding to the 
external electrodes openings are formed; and in tfoe step of 
forming external electrodes, a solder cream may be printed in 
.0 the openings and a wet-back process may be carried out, 
whereby the external electrodes are formed. 

In the invention there may further be: 
a step in which after the step of forming wiring, a protective 
film is formed on the wiring; and a step in which before the 
L5 step of forming external electrodes in at least a part of the 
region of the protect i ve film corresponding to the external 
electrodes openings are formed; and in the step of forming 
external electrodes, a flux may be applied within the 
openings, and thereafter on each opening a piece of solder may 
20 be mounted, whereby the external electrodes are formed. 

The protective film may be formed of a photosensitive 
resin, and the openings may be formed by a process including 
exposure and development steps. 

In the invention, before the wafer is cut into individual 
25 pieces, there may be a step in which a protective member is 
provided on the surface of the wafer opposite to the surface 
on which the electrodes are provided. 

By this means, since the rear surface of the 
semiconductor device is covered by a protective film, the 



occurrence of damage can be prevented. 

The method of making a semiconductor device of the 
invention comprises: 

a step in which a plurality of bumps are formed on 
one surface of a wafer; 

a step in which resin is applied to the surface 
until the bumps are included; 

a step in which isotropic dry etching is applied to 
the face of the resin; and 

a step in which the wafer is cut into individual 
pieces; and wherein the dry etching step ends after the bumps 
are exposed and before the surface is exposed. 

According to the invention, a resin is applied to one 
surface of a wafer. This resin is applied over the bumps, but 
since the bumps project from the surface, the resin is applied 
more thinly over the bumps than in other regions. 

Then when isotropic dry etching is applied to the resin 
face, since the resin is removed from all regions equally, the 
bumps where the resin is thinnest are exposed first. At this 
point the wafer surface is not yet exposed, and the dry 
etching is stopped at this point. In this way, a wafer can be 
obtained in which the bumps are exposed, but the regions other 
than the bumps are protected by a resin covering. 

Thereafter, the wafer can be cut into individual pieces 
to obtain the semiconductor devices. 

The method of making an electronic component of the 
invention comprises: 

a step in which a plurality of electronic elements 
are integrally formed in substrate form; 



a step in which a stress relieving layer is provided 
at least in the region where external el ectrodes are 'formed on 
the substrate form electronic elements; 

a step in which the external electrodes are formed 
5 on the stress relieving layer; and 

a step in which the substrate form electronic 
elements are cut into individual items. 

According to the invention, since there is a stress 
absorbing layer, stresses caused by differential thermal 
10 expansion between the electronic component and the board on 
which it is mounted can be absorbed. As electronic components, 
for example, may be cited resistors, capacitors, coils, 
oscillators, filters, temperature sensors, thermistors, 
varistors, variable resistors, fuses, and semiconductor 
15 devices. 

The method of making an electronic component of the 
invention comprises: 

a step in which a plurality of bumps are formed on 
a circuit board mounting surface of an electronic element; 
20 a step in which resin is applied to the mounting 

surface until the bumps are included; and 

a step in which isotropic dry etching is applied to 
the surface of the resin; and wherein the dry etching step 
ends after the bumps are exposed and before the mounting 
25 surface is exposed. 

According to the invention, a resin is applied to the 
mounting surface of an electronic element. This resin is 
applied over the bumps, but since the bumps project from the 
mounting surface, the resin is applied more thinly over the 
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bumps than in other regions. 

Then when isotropic dry etching is applied to the resin 
surface, since the resin is removed from all regions equally, 
the bumps where the resin is thinnest are exposed first. At 
this point the mounting surface is not yet exposed, and the 
dry etching is stopped at this point. In this way, an 
electronic component can be obtained in which the mounting 
surface is protected by a resin covering, but avoiding the 
bumps . 

In the invention, as the electronic element may be used 
a semiconductor element. 

The method of making an electronic component of the 
invention comprises: 

a step in which a plurality of bumps are formed on 
one surface of an electronic element board; 

a step in which resin is applied to the surface 
until the bumps are included; 

a step in which isotropic dry etching is applied to 
the face of the resin; and 

a step in which the electronic element board is cut 
into individual items; and wherein the dry etching step ends 
after the bumps are exposed and before the mounting surface is 
exposed. 

According to the invention, a resin is applied to one 
surface of an electronic element board. This resin is applied 
over the bumps, but since the bumps project from the surface, 
the resin is applied more thinly over the bumps than in other 
regions. 

Then when isotropic dry etching is applied to the resin 



surf ace , si nee the resin is removed from a 1 i regions equally, 
the bumps where the resin i s thinnest are exposed . f i rst . At 
this point the surface of the electronic element board is not 
yet exposed, and the. dry etching is stopped at this point. In 
5 . this way, an electronic element board can be obtained in which 
the bumps are exposed, but the regions other than the bumps 
are protected by a resin covering. 

Thereafter, the electronic element board can.be cut into 
individual pieces to obtain the semiconductor devices. 

10 The electronic component of the invention has the 

external electrodes over the ciress relieving layer. For 
example, as an electronic component may be cited a 
semiconductor device. 

The electronic component of the invention is manufactured 

15 by the above described method, and has a plurality of bumps 
formed on a mounting surface, and a resin covering the 
mounting surface avoiding at 1 east the upper . extremi t i es of 
the bumps. 

The semiconductor device of the invention comprises: 
20 a semiconductor chip having electrodes; 

a stress relieving layer provided on the 
semiconductor chip so as to avoid at least a part of the 
electrodes; 

wiring formed from the electrodes over the stress 
25 relieving layer; and 

external electrodes formed on the wiring over the 
stress relieving layer. 

The wiring may be formed of any selected from the group 
comprising aluminum, aluminum alloy, chromium, a layer of 



cjpper or gold, two layers of copper and gold, two layers of 
chromium and copper, two layers of chromium and gold, two 
layers of platinum and gold, and three layers of chromium, 
copper and gold. 

The wiring may be formed of a chromium layer over the 
stress relieving layer and a layer of at least one of copper 
and gold. 

The wiring may include a titanium layer. 

Titanium has excellent moisture resistance, and therefore 
lead breakages due to corrosion can be prevented. Titanium 
also has preferred adhesion with respect to polyimida resin, 
and provides excellent reliability when the stress absorbing 
layer is formed of polyimide resin. 

The wiring may have one of a layer of nickel formed over 
the titanium ' layer and two layers of platinum and gold. 

In the sem-i conductor -device , the semiconductor chip may 
have a protective film on the surface opposite to the surface 
having the electrodes. 

The protective film may be of a material different from 
the material used for the wafer, and may have a melting point 
not less than the melting point of solder. 

In the semiconductor device, the semiconductor chip may 
have a radiator on the surface opposite to the surface having 
the electrodes. 

The semiconductor device is manufactured by the above 
described method, and has a plurality of bumps formed on a 
mounting surface, and a resin covering the mounting surface 
avoiding at least the upper extremities of the bumps. 

The method of mounting an electronic component of the 



invention comprises: 

a step o-r applying flux to a mounting surface having 
a plurality of bumps formed on an electronic element until the 
bumps are included; and a ref low step of mounting the bumps on 
5 • wfring on a circuit board with the flux interposed. 

According to the invention, since a flux is applied to 
the mounting surface, even after mounting is completed with 
the ref low process, the flux remains to cover and 'protect the 
mounting surface. Moreover, it is not necessary to apply the 
10 flux so as to avoid the bumps, and the application can simply 
be made to the whole mounting surface including the bumps, so 
that the application can be carried out simply. 

In the invention, as the electronic element may be used 
a semiconductor element. 
15 On the circuit board of the invention is mounted the 

above described semiconductor device. 

On the circuit board of the invention is mounted the 
aL>ove described semiconductor device having a plurality of 
bumps formed on a mounting surface, and a resin covering the 
20 mounting surface avoiding at least the upper extremities of 
the bumps. 

The electronic instrument of the invention has this 
circuit board. 

The electronic instrument of the invention has a circuit 
25 board on which is mounted a semiconductor device having a 
plurality of bumps formed on a mounting surface, and a resin 
covering the mounting surface avoiding at least the upper 
extremities of the bumps. 
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Brief Description of Drawings 

Figs. 1A to 1E illustrate a first embodiment of the 
method of making a semiconductor device; Figs. 2A to 2E 
illustrate the first embodiment of the method of making a 
semiconductor device; Figs. 3A to 3D illustrate the first 
embodiment of the method of making a semiconductor device; 
Figs. 4A to 4C illustrate the first embodiment of the method 
of making a semiconductor device; Fig. 5 is a plan view 
showing the first embodiment of the semiconductor device; 
Figs. 6A to 6C illustrate a second embodiment of the method of 
making a semiconductor device, Figs. 7A to 7C illustrate the 
second embodiment of the method of making a semiconductor 
device; Figs. 8A to 8D illustrate a third embodiment of the 
method of making a semiconductor device; Figs. 9A to 9D 
illustrate the third embodiment of the method of making a 
semiconductor device; Fig. 10 illustrates a fourth embodiment 
of the method of making a semi conductor devi ce ; Figs. 1 1 A to 
11C illustrate a fifth embodiment of the method of making a 
semiconductor device; Figs. 12A to 12C illustrate the fifth 
embodiment of the method of making a semiconductor device; 
Figs. 13A to 13D illustrate a sixth embodiment of the method 
of making a semiconductor device; Figs. 14A to 14E illustrate 
a seventh embodiment of the method of making a semiconductor 
device; Figs. 15A to 15E illustrate the seventh embodiment of 
the method of making a semiconductor device; Figs. 16A to 16D 
illustrate the seventh embodiment of the method of making a 
semiconductor device; Figs. 17A to 17C illustrate the seventh 
embodiment of the method of making a semiconductor device; 
Fig. 18 is a plan view showing the seventh embodiment of 



semiconductor device; Figs. 19A and 19B illustrate an eighth 
embodiment, of the method of mounting of a semiconductor 
device; Fig. 20 shows an example in which the invention is 
applied to an electronic component for surface mounting; Fig. 
5 21 shows an example in which the invention is applied to an 
electronic "component for surface mounting; Fig. 22 shows an 
example in which a protective layer is formed on a 
semiconductor device to which the invention is applied; Fig. 

23 shows ah example in which a radiator is provided on the 

10 semiconductor device to which the invention is applied; Fig. 

♦ 

24 shows a circuit board on which is mounted an electronic 
component fabricated by application of the method of the 
invention; and Fig. 25 shows an electronic instrument provided 
with a circuit board on which is mounted an electronic 

15 component fabricated by application of the method of the 
invention. 

Best Mode for Carrying Out the Invention 

The preferred embodiments of the invention are now 
described with reference to the drawings. 

20 (First Embodiment) 

Fig. 5 is a plan view of a semiconductor device of this 
embodiment. This semiconductor device is classified as a 
so-called CSP, and has leads 3 formed extending toward the 
center of an active surface 1a from electrodes 12 formed 

25 around the periphery of a semiconductor chip 1, and on each 
lead 3 is provided an external electrode 5. All of the 
external electrodes 5 are provided on a stress rel ieving layer 
7, so that when mounted on a circuit board (not shown in the 



drawings) the stresses can be relieved. Besides, in the region 
other than that of the external electrodes 5, a solder resist 
layer 8 is formed as a protective film. 

The stress relieving layer 7 is formed at least in the 
region surrounding the electrodes 12. It should be noted that 
the electrodes 12 refer to the portions connected to the leads 
3, and this definition is. also used in all of the subsequent 
embodiments. Besides, when considering the provision of the 
region for forming the external electrodes 5, although not 
shown in Fig. 5, it is possible similarly to provide the 
external electrodes 5 so that the stress relieving layer 7 is 
on the outside of the electrodes 12, and leads 3 are provided 
to be brought out thereon. The fabrication process described 
below and shown in Figs. 1A to 4C describes an example based 
on the assumption that there is also a stress relieving layer 
7 provided on the outside of the electrodes 12 shown in Fig. 
5. 

The electrodes 12 are shown as an example of the 
so-called peripheral electrode type positioned on the 
periphery of the semiconductor chip 1, but equally an area 
array layout of semiconductor chip, in which the electrodes 
are formed in a region inside the peripheral region of the 
semiconductor chip, may be used. In this case, the stress 
relieving layer may be formed so as to avoid at least some of 
the electrodes . 

It should be noted that as shown in this drawing the 
external electrodes 5 are provided not on the electrodes 12 of 
the semiconductor chip 1, but in the active region (the region 
in which the active elements are formed) of the semiconductor 



chip 1. By providing the stress relieving layer 7 in . the 
active region, and further positioning (bringing in)* the leads 
3 within the active region, the external electrodes 5 can be 
provided within the active region. As a result, when laying 
5 out the external electrodes* 5, the interior of the active 
region, that is to say, a region of a particular area can be 
provided, and thus the degree of freedom for positioning the 
external electrodes 5 is very greatly increased. • 

By bending the leads 3 on the stress relieving layer 7, 

10 the external electrodes 5 can be provided in a lattice. It 

» 

should be noted that this: is not an essential feature of the 
invention, and the external electrodes 5 may be provided in 
such a way as not necessarily to form a lattice. Besides, at 
the junction of the electrodes 12 and leads 3 the width of the 

15 electrodes 12 and the width of the leads 3 are such that: 
leads 3 < electrodes 12 
but it is preferable that: 

electrodes .2 ^ leads 3 
In particular, in the case that: t 

20 electrodes 12 < leads 3 

not only is the resistance of the leads 3 reduced, but also, 
since the strength is increased, broken leads are prevented. 

Figs. 1A to 4C illustrate the first embodiment of the 
method of making a semiconductor device. These figures 

25 correspond to the section along the line I-I in Fig. 5, but 
show the state in which the stress relieving layer is further 
present outside the area of Fig. 5. Figs. 1A to 4C are partial 
enlargements of a wafer, and in particular show one portion 
corresponding to a semiconductor device. 
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First, by according to well-known techniques, normally in 
the state before dicing is carried out, electrodes 12 and 
other elements are formed on a wafer 10. It should be noted 
that in thi s . exampl e , the electrodes 12 are formed of 
aluminum. As examples of other materials for the electrodes 12 
may equally be used aluminum alloy materials (for example, 
aluminum-silicon or aluminum-silicon-copper, or the like) or 
copper al loys . 

Besides, on the surface of the wafer 10 is formed a 
passivation film (not shown in the drawings) being an oxidized 
film or the like, for preventing chemical changes. The 
passivation film is formed not only to avoid the electrodes 
12, but also to avoid the scribing line to which dicing is 
carried out. By not forming the passivation film on the 
scribing line, during the dicing operation the generation of 
dust from the passivation film can be avoided, and the 
occurrence of cracks in the passivation film can also be 
prevented. 

As shown in Fig. 1A, on the wafer 10 having the 
electrodes 12 a photosensitive polyimide resin is applied 
(using, for example, "the spin coating method") to form a 
resin layer 14. The resin layer 14 has a thickness preferably 
in the range 1 to 100. >um, and more preferably of around 10 
jmm. It should be noted that in the spin coating method, since 
there is a large quantity of polyimide resin wasted, a device 
may be used which employs a pump to eject a tape-shaped 
polyimide resin. As an example of such a device may be given, 
for example, the FAS ultra-high-density ejection coating 
system (see US Patent No. 4696885) manufactured by the FAS 



company. It should be noted that the resin layer 14 referred 
to here hao the function of the stress relieving layer 7 (see 
Fig. 5). 

As shown in Fig. 1B, in the resin layer 14 are formed 
contact holes 14a opposing the electrodes 12. Specifically, by 
means of exposure, development, and baking processes, the 
polyimide resin in the vicinity of the electrodes 12 is 
removed, whereby the contact holes 14a are formed in the resin 
layer 14. It should be noted that in this figure, when the 
contact holes 14a are formed, absolutely no region is left in 
wMch the resin layer 14 overlaps the electrodes 12. By 
leaving absolutely none of the resin layer 14 on the 
electrodes 12, there is the advantage that in the subsequent 
stages in which wiring and other metallic components are 
provided, the electrical contact is satisfactory, but the 
construction is not necessarily restricted in this way. That 
is to say, even in a construction in which on the outer 
periphery of the electrodes 12 the resin layer 14 is applied, 
if holes are provided so that apart of the electrodes 12 is 
exposed, this will adequately achieve the objective. In this 
case, the number of bends in the wiring layer is reduced, and 
as a result; a loss of wiring reliability due to broken leads 
and the Tike can be prevented. Here, the contact holes 14a 
have a taper. Here, a taper refers to the fact that in the 
vicinity of the electrodes 12 (contact portion), the thickness 
of the resin layer 14 reduces closer to the electrodes 12. As 
a result, at the edges where the contact holes 14a are formed, 
the resin layer 14 is formed with an inclination. A formation 
of this type can be achieved by selection of the conditions of 



exposure and development. Furthermore, by treatment of the 
electrodes 12 by a plasma of G 2 , CF 4 , or the like, even if a 
small amount of the polyimide resin is left remaining on the 
electrodes 12, the polyimide resin can be completely removed. 
The resin layer 14 formed in this way forms the stress 
relieving layer in the completed semiconductor device. 

It should be noted that in this example a photosensitive 
polyimide resin is used as the resin, but a nonphotosensi ti ve 
resin may equally be used. For example, a silicone denatured 
polyimide resin, an epoxy resin, or a silicone denatured epoxy 
resin, or the like, being a material with a stress relieving 
function having a low Young's modulus (not exceeding 1 x 10 10 
Pa) when solidified, may be used. If a nonphotosensi tive resin 
is used, thereafter using a photoresist, the required form is 
obtained after passing through a photographic process. 

As shown in Fig. 1C, a chromium (Cr) layer 16 is formed 
by sputtering over the whole surface of the wafer 10. The 
wiring is finally formed from this chromium (Cr) layer 16. The 
chromium (Cr) layer 16 is formed, over both the electrodes 12 
and the resin layer 14; Here, the material of the chromium 
(Cr) layer 16 is selected to have good adhesion with the 
polyimide forming the resin layer 14. Alternatively, when 
resistance to cracks is considered, aluminum, an alloy of 
aluminum such as aluminum-silicon or aluminum-copper, an alloy 
of copper, copper (Cu) , or a ductile metal such as gold may be 
used. If titanium, which has excellent moisture resistance, is 
selected, lead breakages due to corrosion can be prevented. 
Titanium also has preferred adhesion with respect to 
polyimide, and titanium-tungsten may also be used. 



When the adhesion with the chromium (Cr) layer 16. is 
considered, it is preferable for the surface of 'the resin 
layer 14 of polyimide or the like to be roughened. For 
example, by carrying out dry processing by * exposi ng to a 
plasma (0 2 , CF 4 ) , or wet processing with an acid or alkali, the 
surface of the resin layer 14 can be roughened. 

Besides, since within the contact holes 14a the edges of 
the resin layer 14 are inclined, in this region the chromium 
(Cr) layer 16 is formed to be similarly inclined. In the 
semiconductor device which is the finished product the 
chromium (Cr) layer 16 forms the leads 3 (see Fig. 5), and 
also during the fabrication process serves , as a layer to 
prevent dispersion of the polyimide resin at the time of 
thereafter forming the layer. It should be noted that the 
dispersion preventing layer is not restricted to chromium 
(Cr), and all of the above-mentioned wi ring materials are also 
effective. 

As shown in Fig. 1D, on the chromium (Cr) layer 16, a 
photoresist is applied to form a resist layer 18. 

As shown in Fig. 1E, by means of exposure, development, 
and baking processes, a part of the resist layer 18 is 
removed. The remaining resist layer 18, is formed from the 
electrodes 12 in the direction of the center of the resin 
layer 14. In more detail, the remaining resist layer 18 is 
formed so that on the resin layer 14 the portion of the resist 
layer 18 on one electrode 12 and the portion of the resist 
layer 18 on another electrode 12 are not continuous (are 
mutually independent). 

Next, leaving only the region covered by the resist layer 



18 shown in Fig. 1E (that is to say, with the resist layer 18 
as a mask), the chromium (Cr) layer 16 is etched*, and the 
resist layer 18 is removed. With this, in these previous 
processes metal thin film formation technology in wafer 
processing is applied. The chromium (Cr) layer 16 thus etched 
i s shown i n Fi g . 2A . 

In Fig. 2A, the chromium (Cr) layer 16 is formed 
extending from the electrodes 12 over the resin layer 14. In 
more detail, the chromium (Cr) layer 16 is formed so as not to 
connect one electrode 12 to another electrode 12. That is to 
say, the chromium (Cr) layer 16 is formed in such a way that 
the wiring corresponding to the electrodes 12 can be formed. 
It should be noted that if the same signals are input or 
output, it is not necessary for electrodes 12 to be 
necessarily independent, and a piece of wiring carrying the 
same signal may equally be integrally formed. 

As shown in Fig. 2B, above the topmost layer including at 
least the chromium (Cr) layer 16, a copper (Cu) layer 20 is 
formed by sputtering. The copper (Cu) layer 20 forms an 
under-layer for forming external electrodes. Alternatively, in 
place of the copper (Cu) layer 20, a nickel (Ni) layer may be 
formed . 

As shown in Fig. 2C, on the copper (Cu) layer 20 is 
formed a resist layer 22 (photoresist), and as shown in Fig. 
2D, a part of the resist layer 22 is subjected toexposure, 
development, and baking processes, and removed. In this way, 
as for the region removed, at least a part of the resist layer 
22 positioned over the resin layer 14, and over the chromium 
(Cr) layer 16 is removed. 



As shown in Fig. 2E, in the region in which the resist 
layer 22 is partially removed, a seat 24 is formed. The seat 
24 is formed by copper (Cu) plating, and is such that a solder 
balls can be formed thereon. As a result, the seat 24 is 
formed on the copper (Cu) layer 20, and is electrically 
connected through this copper (Cu) layer 20 and the chromium 
(Cr) layer 16 to the electrodes 12. 

As shown in Fig. 3A, on the seat 24, solder 26 which will 
form solder balls as the external electrodes 5 (see Fig. 5) is 
formed as a thick film. This thickness is determined by the 
amount of solder corresponding to the ball diameter required 
when at a later state the solder balls are formed. The layer 
of solder 26 is formed by electroplating, printing, or the 
1 i ke . 

As shown in Fig. 3B, the resist layer 22 shown in Fig. 3A 
is removed, and the copper (Cu) layer 20 is etched. In this 
way, the seat 24 forms a mask, the copper (Cu) layer 20 
remains only under this seat 24 (see Fig. 3C) . Next, the 
solder 26 on the seat 24 is fo/med into balls of at least 
hemispherical shape by wet-back, making solder balls (see Fig. 
3D). Here, wet-back refers to a process in which after forming 
a solder material on the position of forming external 
electrodes, reflow is carried out to form approximately 
spherical bumps. 

By means of the above process, solder balls are formed as 
the external electrodes 5 (see Fig. 5). Next, processes for 
meeting the objectives of preventing the oxidation of the 
chromium (Cr) layer 16 or the like, of improving moisture 
resistance in the finished semiconductor device, of providing 



mechanical protection for the surface, and so forth, are 
carried out as shown in Figs. 4A and 4B. • 

As shown in Fig. 4A, a photosensitive solder resist layer 
28 is formed by application over the whole surface of the 
wafer 10. Then, by carrying out exposure, development, and 
baking processes, the portion of the solder resist layer 28 
covering the solder 26 and the neighboring region is removed. 
In this way, the remaining solder resist layer '28 acts, to 
prevent oxidation, and as a protective film in the finished 
semiconductor device, and further forms a protective layer for 
the purpose of improving moisture resistance. Next a test for 
electrical characteristics is carried out, and if required, a 
product number and manufacturer's name are printed. 

Next, dicing is carried out, and as shown in Fig. 4C, 
individual semiconductor devices are separated . Here, the 
dicing position (scribing line), as will be clear from a 
comparison of Figs. 4B and 4C, is such as to avoid the resin 
layer 14. As a result, since uicing is only carried out on the 
wafer 10 having no passivation § fi 1m or the like, problems 
involved in cutting through a number of layers of different 
materials can be avoided. The dicing process is carried out by 
a conventional method. It should be noted that Figs. 4A and 4B 
show as far as an intermediate point of the resin layer 14 
positioned on the outside of the electrodes, but Fig. 4C shows 
as far as a scribing line exceeding the resin layer 14 
positioned on the outside of the electrodes. 

With a semiconductor device formed in this way, the resin 
layer 14 forms a stress relieving layer 7 (see Fig. 5), and 
therefore stress occurring because of differences in 



coefficients of thermal expansion between a circuit board (not 
shewn in the drawings) and the semiconductor chip 1 (see Fig. 
5 ) is all evi ated 

According to the above described method of making a 

5 semiconductor device, almost all steps are completed within 
the stage of wafer processing. In other words, the step in 
which the external terminals for connection to the board on 
which mounting is to take place is carried out within the 
stage of wafer processing, and it is not necessary to carry 

10 out the conventional packaging process, that is to say, in 
which individual semiconductor chips are handled, and for each 
individual semiconductor chip an inner lead bonding process 
and external terminal formation process are carried out. 
Besides, when the stress relieving layer is formed, a 

15 substrate such as a patterned film is not required. For these 
reasons, a semiconductor device of low cost and high quality 
can be obtained. 

Besides, in this example, there may be two or more wiring 
layers. Generally, when layers, are superimposed the layer 

20 thickness increases, and the wiring resistance can be reduced. 
In particular, when one layer of the wiring is of chromium 
(Cr), since copper (Cu) or gold has a lower electrical 
resistance than chromium (Cr) , a combination makes it possible 
to reduce the wiring resi stance . Al ternati vel y , a titanium 

25 layer may be formed on the stress relieving layer, and on this 
titanium layer a nickel layer or a layer of platinum and gold 
may be formed. Besides, two layers of platinum and gold, may 
also be used for the wiring. 
(Second Embodiment) 
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Figs. 6A to 7C illustrate the second embodiment of. the 
method of making a semiconductor device. This embodiment 
differs from the first embodiment in the steps in Fig. 3A and 
subsequent steps, and in the steps up to Fig. 2E is the same 

5 as the first embodiment. Therefore, since the wafer 110, 
electrodes 112, resin layer 114, chromium (Cr) layer 116, 
copper (Cu) layer 120, resist layer 122, and seat 124 shown in 
Fig. 6A are the same as the wafer 10, electrodes 12, resin 
layer 14, chromium (Cr) layer 16, copper (Cu) layer 20, resist 

10 layer 22, and seat 124 shown in Fig. 2E, and the method of 
fabrication is the same as shown in Figs. 1A to 2E, 
description is omitted here. 

In this embodiment, as shown in Fig. 6A, a thin solder 
film 126 is formed by plating on the seat 124, and the resist 

15 layer 122 is removed, as shown in Fig. 6B. Furthermore, with 
the thin solder film 126 as a resist, as shown in Fig. 6C the 
copper (Cu) layer 120 is etched. 

Next, as shown in Fig. 7A a photosensitive solder resist 
layer 128 is formed over the whole surface of the wafer 110, 

20 and as shown in Fig. 7B, the solder resist layer 128 in the 
region of the seat 124 is removed by exposure, development, 
and baking processes. 

Next, as shown in Fig. 7C, on the seat 124 where the thin 
solder film 126 remains, a thick solder film 129, thicker than 

25 the thin solder fi 1m 1 26 i s formed by pi ati ng . Thi s is carried 
out by electroless plating. The thick solder film 129 is then 
subjected to wet-back, whereby in the same manner as shown in 
Fig. 3, balls of at least hemispherical shape are formed. In 
this way, the thick solder film 129 forms the solder balls of 
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the external electrodes 5 (see Fig. 5) . The subsequent process 
is the same as in the first embodiment described above. It 
should be noted that the thin solder film 126 and thick solder 
film 129 may be plated in that order, and thereafter a 
photosensitive solder resist layer (step of Fig. 7A) may be 
formed . 

According to this embodiment again, almost all steps can 
be carried out within the stage of wafer processing. It should 
be noted that in thi s embodiment , the thick solder film 129 is 
formed by electroless plating. As a result, the seat 124 may 
be omitted, and the thick solder film 129 formed directly on 
the copper (Cu) layer 120. 
(Third Embodiment) 

Figs. 8A to 9D illustrate the third embodiment of the 
method of making a semiconductor device. 

Since the wafer 30, electrodes 32, resin layer 34, 
chromium (Cr) layer 36, copper (Cu) layer 40 and resist layer 
42 shown in Fig. 8A are tne same as the wafer 10, electrodes 
12, resin layer 14, chromium (Cr) layer 16, copper (Cu) layer 
20, and resist layer 22 shown in Fig. 2C, and the method of 
fabrication is the same as shown in Figs. 1A to 2C, 
description is omitted here. 

Next, a part of the resist layer 42 shown in Fig. 8A is 
removed by exposure, development, and baking processes. In 
more detail, as shown in Fig. 8B, only the resist layer 42 
positioned over the chromium (Cr) layer 36 forming the wiring 
is left, and in other areas the resist layer 42 is removed. 

Next, the copper (Cu) layer 40 is etched and the resist* 
layer 42 is removed, so that as shown in Fig. 8C, the copper 



(Cu) layer 40 is left only on the chromium (Cr) layer 36. In 
this way, the wiring is formed as a two-layer construction 
from the chromium (Cr) layer 36 and copper (Cu) layer 40. 

Next, as shown in Fig. 8D, a photosensitive solder resist 
5 . is applied, and a solder resist layer 44 is formed. 

As shown in Fig. 9A, in the solder resist layer 44 are 
formed contact holes 44a. The contact holes 44a are formed 
over the resin layer 34 and over the copper (Cm) layer 40 
which is the surface layer of the two-layer wiring. It should 
10 be noted that the formation of the contact holes 44a is 
carried out by exposure, development, and baking processes. 
Alternatively, the solder resist may be printed leaving holes 
in predetermined positions so as to form the contact holes 
44a. 

15 Next, a solder cream 46 is printed in the contact holes 

44a to form a raised shape (see Fig. 9B) . The solder cream 46 
is formed by a wet-back process into solder balls as shown in 
Fig. 9C. Next, dicing is carried out, and the individual 
semiconductor device shown in Fig. 9D are obtained. 

20 In this embodiment, the seat for the solder balls is 

omitted, and the printing of a solder cream is used, 
simpl if ying the formation of the solder balls, and also 
reducing the number of steps in the fabrication process. 

Besides, the wiring of the fabricated semiconductor 

25 device is two-layer, of chromium (Cr) and copper (Cu) . Here, 
chromium (Cr) has good adhesion with respect to the resin 
layer 34 formed of polyimide resin, and the copper (Cu) has 
good resistance to the formation of cracks. The good 
resistance to cracks allows lead breaks and damage to the 

-28- 



electrodes 32 or active elements to be prevented. 
Alternatively, a copper (Cu) and gold two-layer, chromium (Cr) 
and gold two-layer, or chromi urn (Cr ) , copper (Cu), and gold 
three-layer wiring construction is also possible. 

This embodiment is an example of not using a seat, but it 
goes without saying that it is also possible to provide a 
seat. 

(Fourth Embodiment) 

Fig. 10 illustrates the fourth embodiment of the method 
of making a semiconductor device. 

Sinci the wafer 130, electrodes 132, resin layer 134, 
chromium (Cr) layer 136, copper (Cu) layer 140 and solder 
resist layer 144 shown in this figure are the same as the 
wafer 30, electrodes 32, resin layer 34/ chromium (Cr) layer 
36, copper (Cu) layer 40 and solder resist layer 44 shown in 
Fig. 9A, and the method of fabrication is the same as shown in 
Figs. 8A to 9A, description is omitted here. 

In this embodiment, in place of the solder cream 46 used 
in Fig. 9B, to the contact holes 144a formed in the solder 
resist layer 144 flux 146 is applied and solder balls 148 are 
disposed thereon. Thereafter, a wet-back process, inspection, 
stamping, and dicing processes are carried out. 

According to this embodiment, the preformed solder balls 
148 are put in place, forming the external electrodes 5 (see 
Fig. 5). Besides, compared with the first and second 
embodiments, the seat 24 or 124 can be omitted. Furthermore, 
the leads 3 (see Fig. 5) are of a two-layer construction of 
the chromium (Cr) layer 136 and copper (Cu) layer 140. 

This embodiment is an example of not using a seat, but it 



goes without saying that it is also possible to provide a 
seat. . • 

(Fifth Embodiment ) 

Figs. 1 1 A to 12C illustrate the fifth embodiment of the 
5 . method of making a semiconductor device. 

First, as shown in Fig. 1.1 A, a glass plate 54 is adhered 
to a wafer 50 having electrodes 52. In the glass plate 54 are 
formed holes 54a corresponding to the electrodes 52 of the 
wafer 50, and an adhesive 56 is applied. 

10 The coefficient of thermal expansion of the glass plate 

54 has a value between the coefficient of thermal expansion of 
the wafer 54 forming the semiconductor . chip and the 
coefficient of thermal expansion of the circuit board on which 
the semiconductor devi ce is mounted. Because of this, since 

15 the coefficient of thermal expansion varies in order of the 
semiconductor chip obtained by dicing of the wafer 54, the 
glass plate 54, and the circuit board (not shown in the 
drawings) on which the semiconductor device is mounted, the 
differences in the coefficient of thermal expansion at the 

20 junctions is reduced, and the thermal stress is reduced. That 
is to say, the glass plate 54 acts as the stress relieving 
layer. It should be noted that in place of the glass plate 54 
a ceramic plate may also be used, provided that it has a 
simi lar coefficient of thermal expansion. Then, when the glass 

25 plate 54 is adhered to the wafer 50, adhesive 56 which has 
entered the holes 54 is removed by an 0 2 plasma process, as 
shown in Fig. 1 1B. 

Next, as shown in Fig. 11C, on the glass plate 54, being 
the whole surface of the wafer 50, an aluminum layer 58 is 
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formed by sputter i ng . Thereafter , if a film is formed on the 
surface of the holes 54, the aluminum, which is susceptible to 
lead breaks, can be protected. Next, as shown in Fig. 1 2A a 
resist layer 59 is formed, and as shown in Fig. 12B, exposure, 

5 development, and baking processes are used to remove a part of 
the resist layer 59. The part of the resist layer 59 removed 
is preferably the area other than the portion where the wiring 
pattern i s formed . 

In Fig. 12B, the resist layer 59 is left extending from 

10 over the electrodes 52 to over the glass plate 54. Besides, it 
is separated so as not to connect from over one electrode 52 
to over another electrode 52. 

Next, when the aluminum layer 58 is etched, as shown in 
Fig. 12C, the aluminum layer 58 is left in the region ■ to "form 

15 the wiring. That is to say, the aluminum layer 58 extends from 
the electrodes 52 over the glass plate 54 to form the wiring. 
Besides, the aluminum layer 58 is formed so that different 
electrodes 52 are not electrically connected, and the wiring 
is provided for individual electrodes 52. Alternatively, if it 

20 is necessary for a plurality of electrodes 52 to be 
electrically connected together, the aluminum layer 58 may be 
formed so as to provide the corresponding wiring. It should be 
noted that for the wiring, in place of the aluminum layer 58 
may also be applied any of the materials selected in the first 

25 embodiment . 

By means of the above process, since the wiring from the 
electrodes 52 is formed, solder balls are formed on the 
aluminum layer 58 being the wiring, and individual 
semiconductor devices are cut from the wafer 50. These steps 



can be carried o> t in the same way as in the first embodiment. 

According to this embodiment, the glass plate 54 has 
holes 54a, but the formation of the holes 54a is easy. 
Therefore, with respect to the glass plate 54 patterning 
beforehand to form bumps or wiring is not necessary. Besides, 
for the steps such as that of forming the aluminum layer 58 
being the wiring, metal thin film formation technology in 
wafer processing is applied, and almost all steps are 
completed within the stage of wafer processing. 

It should be noted that on the glass plate 54 may be 
provic!ad a separate stress absorbing layer, of for example 
polyimide resin or the like as in the first embodiment. In 
this case, since the stress absorbing layer is once again 
provided, the coefficient of thermal expansion of the glass 
plate 54 may be the same as that of silicon. 
(Sixth Embodiment) 

Figs. 13A to 13D illustrate the sixth embodiment of the 
method of making a semiconductor device. In this example, as 
the stress relieving layer is selected a polyimide plate 
preformed in plate shape. In particular, polyimide includes 
compositions with a low Young's modulus, and therefore such a 
composition is selected as the stress relieving layer. It 
should be noted that alternatively, for example, a plastic 
plate or glass epoxy or similar composite plate may be used. 
In this case, it is preferable to use the same material as the 
board on which mounting takes place whereby the difference in 
the coefficient of thermal expansion is removed. In 
particular, since at present the use of a plastic substrate as 
the mounting board is common, it is effective to use a plastic 



plate as the stress relieving layer. 

First, as shown in Fig. 13A, a polyimide pVate 64 is 
adhered to a wafer 60 having electrodes 62, as shown in Fig. 
13B. It should be noted that an adhesive 66 has been 

5 previously applied to the polyimide plate 64. It should also 
be noted that further improvement will be obtained by 
selecting as the adhesive 66 a material having a stress 
relieving function. Specific examples of adhesives having a 
stress relieving function are for example thermoplastic 

10 polyimide resin, silicone resin, or the like. 

Next, as shown in Fig. 13C, in the region cor respondi ng 
to the electrodes 62, contact holes 64a are formed, using for 
example an excimer laser, and as shown in Fig. 13D, an 
aluminum layer 68 is formed by sputtering. It should be noted 

15 that in place of the aluminum layer 68 may also be applied any 
of the materials selected in the first embodiment. 

In this way, the same state as shown in Fig. 1 1C is 
reached, and therefore thereafter by carrying out the steps in 
Fig. 12A and subsequent figures, ,the semiconductor device can 

20 be fabricated . 

According to this embodiment, since a polyimide plate 64 
without even any holes being formed is used, a patterned 
substrate is not required. Other benefits are the same as for 
the first to fifth embodiments described above. 

25 As another embodiment , the stress relieving layer may 

have holes formed mechanically in advance by drilling or 
similar means, and a positioning process may be used for 
subsequent alignment on the wafer. It is also possible to 
provide the holes by non-mechanical means, such as chemical 

-33- 



etching or dry etching. It should be noted that if ho~,es are 
formed by chemical etchi ng or dry etching, this may be carried 
out on the wafer in a previous preparatory step. 
(Seventh Embodiment) 

Figs. 14A to 17C illustrate the seventh embodiment of the 
method of making a semiconductor device, and correspond to a 
section along the line I-I in Fig. 18. It should be noted that 
Fig. 18 illustrates a semiconductor" .device relating to the 
seventh embodiment. 

In this embodiment, the step of exposing bumps 205 from 
a solder resist layer 228 (see Figs. 17A and 17B) is shown in 
more detail than in the first embodiment. Otherwise, this is 
the same as the first embodiment. 

First, by well-known techniques, on a wafer 210 
electrodes 212 and other elements are formed, and as shown in 
Fig. 14A, to the wafer 210 with the electrodes 212 a 
photosensitive polyimide resin is applied, and a resin layer 
214 is formed. On the surface of the wafer 210, a passivation 
film is formed, avoiding the ■ electrodes 212 and scribing 
lines. 

As shown in Fig. 14B, in the resin layer 214, contact 
holes 214a are formed, corresponding to the electrodes 212. 

As shown in Fig. 14C, a chromium (Cr) layer 216 is formed 
on the whole surface of the wafer 210 by sputtering. 

As shqwn in Fig. 14D, on the chromium (Cr) layer 216, a 
photoresist is applied, forming a resist layer 218. 

As shown in Fig. 14E, by means of exposure, development, 
and baking processes, a part of the resist layer 218 is 
removed. The remaining resist layer 218 is formed to extend 



from the electrodes 212 in the direction toward the center of 
the resin layer 214. * 

Next, as shown in Fig. 14E, the chromium (Cr) layer 216 
is etched to leave only the region covered by the resist layer 
5 218, and the resist layer 218 is removed. The chromium (Cr) 
layer 216 etched in this way is shown in Fig. 15A. 

In Fig. 15A, the chromium (Cr) layer 216 is formed to 
extend from the electrodes 212 to the resin layer 214. 

As shown in Fig. 15B, on the uppermost layer including at 
10 least the chromium (Cr) layer 216, a copper (Cu) layer 220 is 
formed; by sputtering. 

As shown in Fig. 15C, on the copper (Cu) layer 220 a 
resist layer 222 is formed, and as shown in Fig. 15D, a part 
of the resist layer 222 is removed by exposure, development, 
15 and baking processes. In this way, as for the region removed, 
at least a part of the resist layer 222 which is both over the 
resin layer 214, and over the chromium (Cr) layer 216 is 
removed. 

As shown in Fig. 15E, in .the region where the resist 
20 layer 222 is partially removed, a seat 224 is formed. The seat 
224 is formed by copper (Cu) plating, and is such that solder 
balls are formed on its top. As a result, the seat 224 is 
formed on the copper (Cu) layer 220, and connected through the 
copper (Cu) layer 20 and chromium (Cr) layer 216 to the 
25 electrodes 212. 

As shown in Fig. 16A, on the seat 224, for the purpose of 
forming solder balls as the bumps 205 (see Fig. 18), solder 
226 is formed in a thick layer. This thickness is determined 
by the amount of solder corresponding to the ball diameter 



required for subsequent formation of the solder balls. The 
layer of solder 226 is formed by electroplating or printing. 

As shown in Fig. 16B, the resist layer 222 shown in Fig. 
16A is removed, and the copper (Cu) layer 220 is etched. In 

5 this way, the seat 224 acts as a mask, and only the copper 
(Cu) layer 220 under the seat 224 remains (see Fig. 16C). 
Next, the solder 226 on the, seat 224 is subjected to a 
wet-back process, whereby balls of at least hemispherical 
shape are formed, thus becoming the solder balls (see Fig. 

10 16D) . 

By means of the ibove process ,. sol der balls are formed as 
the bumps 205 (see Fig. 18). Next, processes for meeting the 
objectives of preventing the oxidation of the chromium (Cr) 
layer 216 or the like, of improving moisture resistance in the 
15 finished semiconductor device, of providing mechanical 
protection for the surface, and so forth, are carried out as 
shown in Figs. 17A and 17B. 

As shown in Fig. 17A, a resin is applied (by spin 
coating, dripping, or the like) over the whole surface of the 
20 wafer 210, and the solder resist layer 228 is formed. 

In this embodiment, the solder resist layer 228 is also 
formed over the bumps 205. That is to say, the solder resist 
layer 228 may be formed over the whole surface of the wafer 
210, and forming to avoid the bumps 205 is not necessary, as 
25 a result of which a simple appl i cation' process is sufficient. 

Here, the resin is applied overall, including the bumps 
205, and then for example is formed into a film by hardening 
or another process, whereupon as shown in Fig. 17A, 
photosensitive resin applied to the bumps 205 flows over the 
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surface of the wafer 210, as a result of which the thickness 
of the solder resist layer 228 varies. That is to- say, the 
solder resist layer 228 formed on the surface of the bumps 205 
is thin, and other parts of the solder resist layer 228 formed 

5 on the wafer surface 10 is thick. 

At this point, dry etching is carried out on such a 
solder resist layer 228. In particular, as the dry etching 
process is carried out conventional isotropic etching. Then, 
as shown in Fig. 17B, when the thin solder resist layer 228 on 

10 the bumps 205 is etched and removed, the etching process is 

♦ 

completed. At this time, the thick soldei resist layer 228 on 
the wafer 210 remains. By this means, the solder resist layer 
228 can be left on the surface of the wafer 210 while avoiding 
the bumps 205, and this solder resist layer 228 forms a 

15 protective layer. In other words, the remaining solder resist 
layer 228 acts to prevent oxidation, and as a protective film 
in the finished semiconductor device, and further forms a 
protective layer for the purpose of improving moisture 
resistance. Next a test for electrical characteristics is 

20 carried out, and if required, a product number and 
manufacturer's name are printed. 

By means of the above process, a lithography process on 
the solder, resist layer 228 is not required, and the 
processing can be simplified leading to a reduction in cost. 

25 Next, dicing is carried out, and as shown in Fig. 17C, 

and the wafer 210 is cut into semiconductor chips 201. Here, 
the dicing position, as will be clear from a comparison of 
Figs. 17B and 17C, is such as to avoid the resin layer 214. As 
a result, since dicing is only carried out on the wafer 210, 
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problems involved in cutting through a number of layers of 
different materials can be avoided. The dicing process is 
carried out by a conventional method: 

. with respect to a semiconductor device 200 fabricated as 

5 described above, since the resin layer 214 forms the stress 
relieving layer 207 (see Fig. 18), the stress created by the 
difference in coefficient of thermal expansion between the 
circuit board (not shown in the drawings) and the 
semiconductor chip 201 (see Fig. 18) can be absorbed. 

10 Fig. 18 is a plan view of the semiconductor device 

relating to this embodiment. The semiconductor device 200 is 
classified as a so-called CSP, and as a result, the leads 3 
are formed from the ' elect rodes 212 of the semi conductor chip 
201 in the direction toward the center of the active surface 

15 201a, and on the wiring 203 are formed bumps 205. All of the 
bumps 205 are provided on the stress relieving layer 207, and 
therefore when mounted on a circuit board (not shown in the 
drawings) the stress can be absorbed. Besides, on the wiring 
203, the solder resist layer 228 is formed as a protective 

20 layer. 

It should be noted that in the above described 
embodiment, the semiconductor device is fabricated with almost 
the whole of the process in the wafer processing, and as a 
result the formation of the solder resist layer 228 as a 
25 protective layer was carried out during the wafer processing, 
but this is not a limitation. For example, an overall layer of 
resin may be applied to individual semiconductor devices 
including bumps, and then isotropic dry etching may be carried 
out to remove the resin from the bumps. 
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(Eighth Embodiment) 

Figs. 19A and 19B illustrate the eighth embodiment of the 
method of mounting of a semiconductor device. Here, a 
semiconductor device 300 has a similar construction to the 
5 semiconductor device 200 shown in Fig. 17C, except that a flux 
layer 232 is formed from over bumps 230. That is to say, 
wiring 238 is brought out from electrodes 236 of a 
semiconductor chip 234, and subjected to pitch .conversion, 
then bumps 230 are formed on the wiring 238. Besides, since 
10 the wiring 238 is formed on the stress relieving layer 240, 
stress applied to the bumps 230 can be absorbed. 

Here, the flux layer 232 is formed by applying an overall 
layer of flux, turning upward the bumps 230 of the 
semiconductor device 300. This application is carried out by 
15 spin coating or dripping. Besides, it is preferable that the 
flux used is such that when heated, the residue changes by 
chemical reaction into a thermoplastic polymer (for example, 
NS-501 mcinuf actured by Nihon Speria) . By this means, since the 
residue is chemically stable, ionization does not occur, and 
20 the electrical insulation properties are excellent. 

The semiconductor device 300 having such a flux layer 232 
is, as shown in Fig. 19A, mounted on a circuit board 250. 

More' -specifically, as shown in Fig. 19B, with the flux 
layer 232 interposed, the bumps 230 are positioned on wiring 
25 252 and 254 on the circuit board 250, and the semiconductor 
device 300 is mounted. 

Next, by means of a reflow process, the solder forming 
the bumps 230 is melted, and the bumps 230 and wiring 252 and 
254 are connected. The flux layer 232 is consumed during this 
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soldering step. However, the flux layer 232 is consumed only 
in the vicinity of the bumps 230, and in other regions the 
flux layer 232 remains. The remaining flux layer 232 is heated 
in the reflow process; and as a result turns into a 
thermopl ast i c pol ymer resi n , f ormi ng aninsulating layer. As 
a result, the residue of this flux layer 232 forms a 
protective layer over the surface of the semiconductor device 
300 on which the bumps 230 are formed. 

Thus, according to this embodiment, the step of applying 
the flux is combined with the step of forming the protective 
layer, and therefore a step of forming a protective layer by 
lithography or the like is not required. 

The invention is not restricted to the above described 
embodiments, and various modifications are possible. For 
example, the above descr i bed embodiment s apply the invention 
to a semiconductor device, but the invention can be applied to 
various surf ace-mounted electronic components, whether active 
or passive. As electronic components, for example, may be 
cited resistors, capacitors, coils, oscillators, filters, 
temperature sensors, thermistors, varistors, variable 
resistors, and fuses. 
(Other embodiments) 

The invention is not restricted to the above described 
embodiments, and various modifications are possible. For 
example, the above described embodiments apply the invention 
to a semiconductor device, but the invention can be applied to 
various surface-mounted electronic components, whether active 
or passive. 

Fig. 20 shows an example of a surface-mounted electronic 



component to which the invention is applied. In this figure, 
an electronic component 400 has a chip portion 402 at both 
ends of which are provided electrodes 404, and for example, 
this may be a resistor, capacitor, coil, oscillator, filter, 
temperature sensor, thermistor, varistor, variable resistor, 
or fuse. The electrodes 404 have, in the same way as in the 
embodiments described above, wiring 408 formed with a stress 
relieving layer 406 interposed. On this wiring 408, bumps 410 
are formed. 

Besides, Fig. 21 also shows an example of a 
surface-mounted electronic component to which the invention is 
applied; this electronic component 420 has. electrodes 424 
formed on the mounting surface of a chip portion 422, and 
wiring 428 formed with a stress relieving layer 426 
interposed. On this wiring 428, bumps 430 are formed. 

It should be noted that the method of fabrication of 
these electronic components 400 and 420 is the. same as in the 
above described embodiments, and therefore description is 
omitted here. Besides, benefit obtained by formation of the 
stress relieving layers 406 and 426 is the same as in the 
above described embodiments. 

Next, Fig. 22 shows an example in which a protective 
layer is formed on a semiconductor device to which the 
invention is applied. A semi conductor device 440 shown in this 
figure is the semiconductor device shown in Fig. 4C on which 
a protective layer 442 is formed, and since except for the 
protective layer 442 this is the same as the semiconductor 
device shown in Fig. 4C, description is omitted here. 

The protective layer 442 on the semiconductor device 440 



is formed on the side opposite to the mounting surface, that 
is to say, on the rear surface. By so doing, the rear surface 
can be protected from damage. 

. Furthermore, damage to the semiconductor chip itself 
caused by cracks initiated by damage to the rear surface can 
be prevented. 

The protective layer 442 is preferably formed on the rear 
surface of the wafer before cut into individual semiconductor 
devices 440. If this is done, a plurality of semiconductor 
devices 440 can have the protective layer 442 formed 
simultaneously. In more detail, it is preferable that after 
the metal thin film forming process is completed, the 
protective layer 442 is formed on the wafer. By so doing, the 
metal thin film forming process can be carried out smoothly. 

The protective layer 442 is preferably of a material 
which can withstand the high temperature of the semiconductor 
device 440 reflow process. In more detail, it is preferable 
that it can withstand the temperature which is the melting 
point of the solder. That is to say, it is preferable that the 
protective layer 442 is of a material which has a melting 
point not less than the melting point of the solder. Besides, 
as the protective layer 442 may be used, for example, a resin. 
In this case, the protective layer 442 may be formed by 
application of a resin used as a potting resin. Alternatively, 
the protective layer 442 may be formed by attaching a sheet of 
material having either tackiness or adhesion. This sheet of 
material may be either organic or inorganic. 

In this way, since the surface of the semiconductor 
device is covered with a substance other than silicon, for 



example, the marki ng qual i t i es are improved. 

Next, Fig. 23 shows an example in which a radiator is 
fitted to a semiconductor device to which the invention is 
applied. A semi conductor devi ce 450 shown in this figure is 
5 • the semiconductor device shown in Fig. 4C to which a radiator 
452 is fitted, and since except for the radiator 452 this is 
the same as the semiconductor device shown in Fig. 4C, 
description is omitted here. • 

The radiator 452 on the semiconductor device 450 is 
10 formed on the side opposite to the mounting surface, that is 
to say, on the rear surface, with a thermal 1 y conduct i ng 
adhesive 454 interposed. By so doing, the heat dissipation 
properties are improved. The radiator 452 has a plurality of 
fins 456, and these are commonly formed of popper, copper 
15 alloy, aluminum nitride, or the like. It should be noted that 
in this example, an example with fins is shown, but a radiator 
without fins (radiating plate) may also be used to obtain an 
appropriate radiation effect. In this case, since a simple 
plate is attached, the handling t is simple, and the cost can 
20 also be reduced. 

In the above described embodiments, solder bumps or gold 
bumps are provided in advance as external terminals on the 
semiconductor device, but as other examples, without using 
solder bumps or gold bumps on the semiconductor device, for 
25 example, a seat of copper or the like may be used, as its is, 
for an external terminal. It should be noted that in this 
case, it is necessary to provide solder on the connecting 
portion (land) of the mounting board for a semiconductor 
device (motherboard) before it is mounted. 
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Besides, the polyimide resin used in the above described 
embodiments is preferably black. By using a black polyimide 
resin as the stress relieving layer, operating faults when 
light impinges on the semiconductor chip can be avoided, and 
5 also with an increase in the durabi 1 i ty wi th respect to light 
the reliability of the semiconductor device can also be 
improved . . 

It should be noted that in Fig. 24 is shown a circuit 
board 1000 on which is mounted an electronic component 1100 
10 being a semiconductor device or the like fabricated according 
to the methods of the above described embodiments. Moreover, 
as an electronic instrument provided with this circuit board 
1000, Fig. 25 shows a notebook personal computer 1200. 
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